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The present invention is a process for purifying an aqueous solution of a peroxy acid or peroxy salt 
Transition metals are known to be catalysts for peroxygens, either as free radical inrtiators, as disclosed 
in U S Patent No 4,591.443, or as decomposition catalysts and hence, are generally not desired therein 
Transition metals are also objectionable in solutions used to treat semiconductors and the like. Therefore, it 
is very important to avoid the presence of transition metals in solutions of peroxygens, particularly in 
aqueous solutions of peroxy salts of acids, such as potassium peroxydiphosphate, potassium perox- 
vmonosulfate, and potassium, sodium or ammonium peroxydisulfate (persulfate). 

It is difficult to avoid accumulating transition metals during the production of peroxy compounds of 
sulfuric phosphoric and acetic acid, particularly the transition metals iron, nickel, cobalt, copper molyb- 
denum and the like used in constructing production equipment in a plant, particularly when part of the 
solution is recycled as in U.S. Patents Nos. 4,663,002 and 4,144,144. In these processes part of the process 
liauor is recycled during electrolysis. 

For example, solutions of sodium persulfate and ammonium persulfate produced by electrolytic 
methods often contain small amounts of metallic impurities, primarily iron. These impurities were previous y 
either removed by raising the pH of the electrolytic solutions from about 1.0 to about 7.2 to 7.5 in order to 
precipitate iron in the form of a gelatinous iron hydroxide, or, alternatively, precipitated as an ,ron cyan.de 
complex salt, such as, Prussian Blue (ferric ferrocyanide). Purification by neutralization is unsatisfactory 
because substantial amounts of ammonia (for ammonium persulfate solutions) or sodium hydroxide (for 
sodium persulfate solutions) are required in order to raise the pH of these solutions. Furthermore, comp ete 
neutralization can cause control problems and can upset the process balance. Purification by precip, a tion 
of an iron cyanide complex is unsatisfactory because any peroxygen must be destroyed before precipitating 
the aelatinous iron cyanide complex. 

The gelatinous iron hydroxide precipitate or iron cyanide complex are both difficult to remove by 
ordinary filtration; the mixture is usually filtered through diatomaceous earth coated filters. At times, some of 
°he diatomaceous earth escapes filtration and contaminates the persulfate-conta.n.ng filtrate with an 
insoluble material. When the coated filters become loaded with iron hydroxide or iron cyan.de complex, the 
contaminated coating must be removed and disposed of, always in landfills. 

The present invention overcomes the problems of the prior art by providing a process for reducing the 
concentration of ions of transition metals in aqueous solutions of peroxy acids or their salts comprising 
contacting the aqueous solution at a pH of about 0.5 to about 4 with a sufficient quantity of a chelating ,on 
exchange resin in the acid form to remove at least part of the transition metal ions from the aqueous 
solution and separating as product a purified aqueous solution containing a substantially reduced con- 
rentration of transition metal ions. m ... , . , 

More specifically, the invention is a process for reducing the concentration of ions of transition metals in 
aqueous solutions of a peroxydiphosphate. peroxydisulfate or of peroxymonosulfate, comprising contacting 
the aqueous solution at a pH of about 0.5 to about 4 with a sufficient quantity of a chelating ion exchange 
resin in the acid form to remove at least part of the transition metal ions from the aqueous solutaon. and 
separating as product a purified aqueous solution containing a substantially reduced concentration of 

transitron^metaMons^ ^ jnvention is inte nded to include a process for anodically oxidizing an aqueous 
electrolytic solution of an alkali metal or ammonium sulfate or phosphate to the corresponding peroxydisul- 
fate or peroxydiphosphate by reducing or decreasing the concentration of ions of transit ,on me als nr. he 
aqueous electrolytic solution by contacting the aqueous electrolytic solut.on at a pH of about 0.5 to about 4 
with a sufficient quantity of a chelating ion exchange resin in the acid form to remove at least pari oi the 
45 transition metal ions from the aqueous electrolytic solution, and separating as produc a punf.ed aqueous 
electrolytic solution containing a substantially reduced concentration of trans.t.on metal .ons and opt.onally 

recovering the solid product. 

Peroxy acids are also commonly called peroxyacids or peracids. Sulfunc ac.d, phosphor.c ac.d. acet c 
acid and formic acid all form peroxyacids or salts. Typical salts of peroxyacids are the water-soluble stable 
alkali metal and ammonium salts of peroxydisulfuric acid, peroxymonosulfuric ac.d. peroxydiphosphor.c 
acid and the triple salt potassium monopersulfate-potassium sulfate-potassium bisulfate. Typ.cal peraads 
are performic acid, peracetic acid and monopersulfuric acid (Caro's acid). Unless otherwise obv.ous the 

term "persulfate" refers to peroxydisulfate. 

The process of this invention is particularly useful for removing transition metal impunt.es from e ther 
ammonium persulfate or sodium persulfate electrolytic solutions by contacting these solutions with a 
chelating ion exchange resin. The process may be conducted in a batch or a contmuous mode and usually 
requires only a minor P H adjustment of the electrolytic solution. The process is also useful for removing 
transition metals from aqueous solutions being employed in applications such as etch.ng metals and the 



30 



35 



40 



50 



55 



2 



BNSOOCID: <BP 0527537A1 J_> 



EP 0 527 537 A1 



25 



30 



35 



45 



50 



55 



like. The process is described in detail in terms of a persulfate for clarity 

about h 0 a 5 toT a nd C nT ed h ! ha t t ^f? 9 ** ^ °* 00nWn,n » meta, » C im P U "« eS * 

remL-f h ? Preferably to about 2.0 to 4.0. the impurities may be completely, or nearly completely 
removed by ernploymg a chelating cation exchange resin such as Amberlite® IRC-718 chelating resin o 

( Vo U n 'n 6 !? T Che,atm9 reSin ' Pr6ferably the hydr ° 9en ion or acidic ,0 ™" Gallic imptrme? Teh as 
lE? « .T ma " 9aneSe ' coba,t " and C0 PP« r can be removed, or reduced to very tow levels 
Trans* on metals are the metals designated by the International Union of Pure and Applied Chemistrv 
as groups IB, MB, NIA, IVA. VA, VIA, V..A and VILA of rows 4 to 7 of the periodic table (e g atomic Nos 2 T 
to 30 eta). One skilled in the art wH. recognize that the aqueous soluttons may 

compounds such as fluorides, thiocyanates, and free radical traps such as phenols, al.yl alcohols an^ Hhe 

emnllvL 2T US th S f alternative| V contain a «- ^dica. initiator and other compounds frequently 
employed during the manufacture or use of a peroxygen compound equem.y 

n^/lT, eleCt ~ ,yti ° P"*?*»* ^rrently used for the preparation of ammonium persulfate and sodium 
ETTSr dUCe t Pe r ,,ate ' iqu0rs which ' when "ey contain metallic impurities, have a color ranging f om 
pink to yeHow or to brown, depending on the amount of iron that is present. It is preferred thaimeSc 

Z"! Y , abSe ? t *** dUrin9 Cr * sta,li2ation ' •» ^P-ities can be trapped in toe crystal I ne pToduct 
making ,t mfenor to product containing little or none of these impurities The procesT of the pTesem 
nvent-on requires only a small change in the pH of the liquor, to the range of about 0.5 to abou 4 in o de 
LoJni L, he,at, " 9 ; e f S h ,ns to remove the im P^ities. Not only does this avoid the control problems and the 

'esuTtnr c ?n S iLri PrOCeSS ^ ^ U °™ m ° re Com P' ete neutralization. buHtaso 

results ,n a considerable savings ,n the amount and total cost of alkaline material used when compared to 
current processes which raise the pH above 7.0. comparea to 

Chelating ion exchange resins (chelating resins) differ from the well-known salt forming ion exchanae 
resins, such as sulfonic acid ion exchange resins which have sulfonic acid functionalities. Instead chelatinq 
ion exchange resins may have iminodiacetic acid functional groups (marketed under the Slmarks or 
designation Amberli,e IRC-7 18 and Che.ex 20). amino-phosphonic acid functional groupT^ed unde 
2JET"t ^ ^ ° r be 3 N - h y^oxypropylpico.y.amine functional «*E£5,££ 
polymer (marketed under the tradenames Dowex XFS-4195 and Dowex XFS-43084). and the 7e The 

lT*lZT7:j eSinS ^ imi r aCetiC '"nationalities and amino-phosphonic acid ZZLSZ 
nlcT u removing .ron ions from solutions of ammonium and sodium sulfate containing a 
persulfate However, one skilled in the art will be able to select the optimum chelating ion exchange Ssin 
for removing other transition metals from any particular solution without undue experimentation 

The use of a chelating ion exchange resin eliminates the need and capital and operating cost of 

cnlTaZTi h C ° ated filterS SUbSeQUent diSp0Sa ' ° f the s P ent medium. '.rStiorthe 
J " 9 Ca '° n exchange resms are easily regenerated with sulfuric acid and may be regenerated many 

7 ° , T" 9 abHity 40 rem ° Ve metaMiC impurities - Su,furic acid, the preferred regenerant is use2 
in the etoctrolytic processes for both ammonium and sodium persulfate and is thus system compat b e 

evaSd rtheTe?;r ,lab ' e Sulf ° nic add ion e * chan 9 e resins and five chelating resins have been 
evaluated for their efficacy in removing iron from a solution containing by weight water 59 0% sodium 
persulfate 22.0%. ammonium sulfate 9.5%. and sodium sulfate 9 5% 

CTeT£l27f'Z S r!! ate add6 f t0 thiS miXtUre 10 Pr ° Vide 3 ""centration of about 20 mg/l of iron 
(Test Soluton ). The concentrations of ,ron and other metallic impurities were measured by either of two 
spectroscopic methods. The older, but more sensitive, method is graphite furnace atomic aLlton 

couo^Lf S ,s capab,e of measurin9 one e,ement at a time - The newer * £225 

coupled plasma atom.c emission spectroscopy which is capable of multielement measurements simulta- 

It is known that the selectivity of ordinary ion exchange resins for metal ions depends on many factors 
one of them being the pH of the solution. Therefore, the commercially-available io , exchang Tfestos were 

oTexl a no e n ^ PH ,r0m ^ °- 5 t0 ab ° Ut 4 - U W3S determi " ed ,r ° m these tes * that thf s'ton c acto 
.on exchange resms were ineffective within these pH limits. Unexpectedly, even the chelatinq resins 

treal?n, SUP tE i,"' "5 5 ' ^ ™° "<* effeCtive un,il convertad *o the actdto fom by 

beatment with sulfunc acid. Two of these resins, designated Amberlite IRC-718 and Duolite C-467 were 

20 T*,ZT V ^"T 9 ^ ir °" C ° ntent * he PH ran9e tested - A tnird resin, designated Chetox 
20. reduced the .ron content of the persulfate solution somewhat in the pH range of 2 to 4 

Although the present invention is not dependent upon any theory of operation or mechanism it is 

ZZTZ ,** ineffeCtiveneSS of tne <*••««"« ion exchange resins when empCdTn' me 

normally-used sodium form as a result of precipitation. y " »■ meir 
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The chelating resins are normally supplied and used in the sodium salt form. Attempts to use this 
commercially-available form of Amberlite IRC-718, Duolite C-467. and Chelex 20 chelating resins unexpect- 
edlHaused iron to precipitate when the resin was mixed with the persulfate solution. Thus, these resins in 
the sodium form failed to remove the iron by forming a stable complex with the resin. 

An important and unexpected advantage of using the acidic form of chelating res.n instead of the usual 
sodium form is that the regeneration process is simpler and is less costly. Regeneration of the sodium form 
of a chelating resin requires 1) converting the spent resin to the acidic form using a mineral acid, and 2 
treating the acidic resin with a hydroxide of the desired cation, e.g., sodium hydrox,de. Using the process of 
the present invention, the acidic chelating resin may be regenerated by simply washing the spent res.n with 
a mineral acid, preferably sulfuric acid, which does not add any foreign component to a persulfate solut.on 
and provides in a single step both an initial activation and a subsequent regeneration process. It ,s expected 
that the acidic chelating resin of the current invention may be regenerated and reused many times. The 
promises a considerable savings in cost and more important, a reduction in the volume of waste which 
reauires disposal, especially after filtering through diatomaceous earth or other filter aid. - 

The process is operable over a wide pH range of about 0.5 to about 4.0. At a pH greater than 4.0 the 
transition metals, such as iron, tend to precipitate as the hydroxide. For the removal of low concentrations of 
metallic impurities, such as iron, from sodium persulfate mixtures, the Duolite C-467 chelat, ng resin was 
found to be efficient over the pH range of 0.5 to 4, preferably between a pH of 1 1 to 3. Amberlite IRC-718 
and Chelex 20 chelating resins are efficient in the pH range of 2 to 4, preferably between a pH of 3 and 4. 
Aqueous sodium hydroxide is preferred for a pH adjustment of the sodium persulfate solution^ 

For the purification of ammonium persulfate mixtures, Amberlite IRC-718 and Duolite C-467 chelating 
resins work well within a pH range of 1 to 4 and are most efficient at a pH of about 2 to 3. Adjustment of pH 
of the ammonium persulfate solutions may be done by adding ammonia gas to the solution, or by adding 

aqueous ammonium hydroxide. 

The present process is applicable to both a batch mode and a continuous method of operation. In the 
batch mode of operation the persulfate solution can be stirred with the resin for a period of time during 
which the metal impurities are removed or reduced to acceptable levels. The length of time .s dependent on 
the amount of impurities present in the persulfate solution, the amount of resin used the capacity of the 
resin and the pH of the solution. For persulfate solutions containing between 10 and 20 mg/l of iron it is 
suqqested that the presently-available chelating exchange resins be used in a range of 5% to 20 /o by 
vokime, preferably about 10%. For example, to treat 100 ml of persulfate at the preferred pH, approximately 
10 ml of the chelating exchange resin should be used. The time required for this process is usually 20 
minutes to one hour. Of course, other conditions may be selected for particular applications. 

For the continuous mode of operation, the resin is contained in a column and the persulfate solution is 
flowed through the resin bed. For the presently-available chelating resins the rate at which the persulfate 
Son is flowed through the resin bed may be in the range of one to three times the volume of ttje resin 
used per hour, preferably two times. In laboratory tests it was found that a flow rate of twice the volume of 
the resin bed per hour worked best, e.g., if 10 ml of resin was used, a rate of 20 ml per hour reduced the 
iron content of the persulfate solution to less than 1 mg/l. The continuous mode of operation is more 
efficacious and is therefore the preferred method. Upward flow through the bed is also preferred over 
downward flow because it frees the bed of any gassing and avoids channeling. Occurrence of e,ther of 
these effects would greatly reduce the effectiveness of the treatment to remove metallic impurities. 

Any temperature above 0°C may be employed at which the aqueous solution is a l.qu.d. The maximum 
temperature is limited by the acceptable decomposition rate. Practically any temperature up to about 60 C 
Generally may be employed. For the most efficient operation of this process it is des.rable that the 
persulfate solution be in a temperature range of about 25°C to about 45°C, preferably in the range of about 
30°C to 40°C. The persulfate solutions prepared by electrolytic processes are very concentrated and may 
even be at the point of saturation. If the temperature of these solutions is allowed to fall too low, 
crystallization problems complicate the process. Water may be added to dilute the solution, thus preventing 
crystallization problems; however, this water must be removed later in order to recover the ammonium or 
sodium persulfate. thus adding extra expense to the process. It is therefore preferred to operate at an 
elevated temperature to prevent crystallization rather than diluting the solution with water. 
The following examples are intended to illustrate the invention. 

Unless otherwise specified, all percentages are by weight. Although this invention is exemplified in 
terms of sodium and ammonium persulfate. one skilled in the art will recognize that any soluble salt of a 
peroxygen-stable acid, such as, a phosphate, acetate, nitrate may be employed provided the cation ,s not a 
Transition metal. Suitable salts include ammonium phosphate, ammonium sulfate, ammonium acetate alkali 
metal phosphates, sulfates and acetates, and the like. The resin designations are available from manufactur- 
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S a BioRr»Che. h ex» and ^ 3nd *>». "Dowex"; .onac, "Diaion" and ".onac"; 

Example 1 

a „ A 50 «L P0l1 L 0n . ° f Amberlite IRC ' 718 delating resin, sodium form, was washed with 250 ml of an 

ZresTnin HtS? ^ ^ WaS th ° r ° U9h,y rinSed with deionized water Laving 

he L^J" h S h^' J W ° f °. Ur " ter S3mp,eS ° f electrol ^ ^dium persulfate anolyte were produced by 
*e p ocess descnbed I m Examples 6. 7, and 8 of U.S. 4.144.144. The samples were analyzed for pH aS 

TtetoJTl ' Sh ° W ! am ° UntS ° f meta " iC impurities determined ^ in these two L£n P ^ 

Lh * ,rst H so "^•wh-ch was pink in color, had a pH of 1.17. The second solution, which had a yellow coS' 

.23 hX 9 r * *" " " ^ - "* 3 —» a '~ «"-" — uSes 

the acilTR^nlSn!^ ^th "T"" 8 SO ' Uti ° n (pH * A7 > WaS gravity fed throu 9 h a bad <"> "»> of 
the aad.c IRC-718 chelating resin. The color of the eluate was a very light yellow. Likewise, a 20 ml port on 

o the second sod,um persulfate solution (pH 4.3) was gravity fed through a bed (10 ml) o the addic .RC 

718 chelating resin. This eluate had a faint yellow color. Each of the e.uates im^XSJS^S^ 

impurrt.es: the results of these analyses are summarized in Table I ana.yzea tor metallic 

.RC-^a^tinT rlTT^ S ° diUm PerSU ' fate S °' Uti0n thrOU 9 h the acidic f °™ * Amberlite 

RC 718 chelating resin, the metallic impurities present were dramatically reduced. The iron content of 

these so.ut.ons was reduced by 16% and 96%. respectively, for the first and second souths This 
example also shows that the process is not specific to persulfate (peroxydisulfate). but is operaWe in the 
E^S eroXy9en C ° mP0UndS ^ h - Oregon pLxide. SSZXi 

Example 2 

fnrm A K 7 ° ml f m P le J* Amberlit e IR0718 chelating exchange resin, sodium form, was converted to the acid 
form by washing with two successive 70 ml portions of aqueous. 15% sulfuric acid solutions The resTn was 

S^8 ,n c£ST^-r T ad 5°7 l 70 m ' ° f 15% SU ' fUriC add and 15 ' 0f ionized ^ ^ "gThe 
laSier 30 ^ A S ° diUm PerSU,,ate TeSt So,ution was P re P ared descnbed 

,^JT I 0 '"? 0 " W3S divided into ,ive 20 ml PO^ons. The pH of each portion, was adjusted using 
sodium hydroxide to provide a pH range of 0.51 to 4.00. Ten milliliters of the acidified IRC-718 Tchelat no 
resin was added to each sodium persulfate solution, and the mixtures were stirred for 30 minutes Eacn 

TZZZTi^T ,NtrateS ^ ana ' y2ed ^ iro " — ^ — oAhTeTpedmS 

dis S oijL C !n a thi h ^, W . hen ? °' S ° diUm PerSU ' fa,e SOlUti ° n iS 3 or ,ess - m °re than 50% of the iron 
dissolved m the solution may be removed by the acidic form of Amberlite IRC-71 8 chelating resin. 

Example 3 

In a manner similar to Example 2. 70 ml of Amberlite IRC-718 and 70 ml of Duolite C-467 chelatino 
resins were converted to their acidic form. A solution was prepared containing by weight M 4%1 
19.3% ammonium sulfate and 26.3% ammonium persulfate. Ferric ammonium sulfate was added to prov de 
an iron concentration of 7.4 mg/l. This mixture was divided into eight 20 ml portions, and the pH of each 
portion was adjusted wrth ammonium hydroxide to provide two sets of solutions, each with a pH range of 
about 1 to about 4; i.e.. two portions with a pH of about 1; two portions with a pH of about 2 lo portions 
with a pH of about 3. and two portions with a pH of about 4 portions 

of ih?" Tf, °Lf f IRC " 718 Chelatin9 r6Sin was added to one of each P*' °' solutions, and 10 ml 
of the ac.dif.ed C-467 chelating resin was added to the other one of each pair of solutions Each m xtuTe 

.n, ■JU** t !L a ?K 50% v^ ,, ? e ir0 " °° ntent ° f the ammonium Persulfate solution was removed by treating the 
solution with the acidic form of Amberlite IRC-718 chelating resin at a pH of between 3 and 4 The acidic 

moTtLr ?- 467 H Che ' atin9 reSi " rem0V6d ° Ver 50% ° f the disso ' ved iro n at each pH Ited being 
most effective in the pH range of 2 to 3. ' ut?,n 9 
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Example 4 

The acidic form of Duolite C-467 chelating resin (60 ml) was prepared by the method of Example 2, and 
30 ml of this resin was placed in an 18" x 1/2" glass column fitted with a 110 mesh Teflon® brand screen 
a? the top and bottom. A sodium' persu.fate solution was pumped through the acidic C-467 che ating res.n 
bed at a rate of about 50 ml per hour, the solution contained 2334 g water, 247 g ammonium sulfate, 247 g 
sodium sulfate, and 572 g sodium persulfate. . 

The Swing metal salts were added to provide the concentration of metal impurrt.es indicated in 
parentheses: ferric ammonium sulfate dodecahydrate (47 mg/l iron); nickel sulfate hexahydrate (6 6 mg/l 
nickel and chromium potassium sulfate dodecahydrate (5.9 mg/l chromium). The P H of th,s solution was 
adjusted to 3.0 using sodium hydroxide. Additional sodium persulfate solution was prepared as needed. The 
eluate, the column effluent, was analyzed for metal content; the results of these analyses s umma" Z ed in 
Table IV On the fifth day (-120 hours after beginning this experiment) the resin was washed with 250 ml of 
sulfuric acid This wash was analyzed for metallic impurities with the following results: iron = 1900 mgA; 
nS = 13 mg/l; and chromium = 11 mg/l. A second wash of the resin with 250 ml of hydrochloric acid 
was made. Analysis of this wash for metallic impurities was: iron = 19 mg/l; nickel = 12 mg/l, and 
chromium = 7.1 mg/l. 



Example 5 

20 A number of ion exchange resins were evaluated for their efficacy in removing iron from sodium 
persulfate solutions by the method of Example 2. The data and results are presented as Table V A similar 
evaluation of chelating resins is presented as Table VI. This very simple screen.ng method may be used to 
determine the efficacy of a chelating resin to remove any specific transition metal from any particular 

25 peroxygen solution (here removing iron from sodium persulfate solutions). 

TABLE I 



30 



35 



REMOVAL OF METALS FROM PERSULFATE ANOLYTE 


Sample 


Metallic Impurity Analysis (mg/l) 




Fe 


Ni 


Cr 


Mn 


Co 


Cu 


First Solution Feed 
First Eluate 
| Second Solution 
Second Eluate 


50 
37 
35 
1.4 


11 
10 

7.8 
4.8 


16 
13 
11 

3.6 


2.1 
2.2 
0.79 
1.2 


0.12 
0.13 
0.08 
0.07 


1.4 
1.3 
0.94 
<0.1 



40 



TABLE II 



EFFECT OF pH ON IRON REMO VAI WITH 1RC-71 8 CHELATING RESIN FROM SODIUM PERSULFATE 

— 0/o | ron Reduction 



45 



50 



pH of Solution 

~^ 4.00 
2.95 
1.93 
1.02 
0.51 



Iron Content (mg/l) 

9.5 
10.0 
12.0 
18.0 
19.0 



52.5 
50.0 
40.0 
10.0 
5.0 



55 
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TABLE III 



EFFECT OF pH ON IRON REMOVAL FROM AMMONIUM PERSULFATE SOLUTIONS 


Acidic Resin 


PH 


Iron Content mg/l 


% Iron Reduction 


Amberlite IRC-718 


3.94 


3.5 


52.7 


Amberlite IRC-718 


2.93 


2.3 


68.9 


Amberlite IRC-718 


2.01 


3.9 


47.3 


Amberlite IRC-718 


1.00 


6.3 


14.9 


Duolite C-467 


3.90 


3.1 


58.1 


DuoNte C-467 


2.94 


1.3 


82.4 


Duolite C-467 


2.01 


1.8 


75.7 


Duolite C-467 


1.01 


2.6 


64.9 



75 



TABLE IV 



20 


1 


TRANSITION METALS REMOVAL BY CHELATING RESIN 


Time (Hr.) 


Volume Through Column (ml) 


mg/l 


Iron 


Nickel 


Chromium 




0 


Initial analysis 


47 


6.6 


5.9 


25 


6 


460 


<1 


<1 


3.9 




23 


1870 


<1 


3.6 


2.0 




30 


2440 


<1 


5.6 


4.1 




47 


3870 


<1 


7.2 


3.5 




54 


4440 


<1 


6.8 


4.1 


30 


72 


5800 


2.3 


7.8 


4.2 




96 


6540 


9.7 


7.1 


6.5 



35 



40 



45 



50 



55 



7 

BNSDOOD: <EP_0S27537A1J_> 



EP 0 527 537 A1 



TABLE V 



TREATMENT OF SODIUM PERSULFATE SOLUTIONS WITH THE ACIDIC FORM OF ION 


EXCHANGE RESINS TO REDUCE IRON CONTENT 


rtesin ^in mcicuu r U11117 


nH nf Pfir«?ulfate 

Ul 1 \Jl I vl OUII WVV 


Iron Content of Persulfate Solution 


ooiuiion 


RofniWAftpr Trftfltmftnt fma/h 


Amberlyst15 


4.00 


01/01 




9 Qfi 


21/21 






21/21 


Amberlyst 200 


4.05 


O-i /Ol 

^1/^:1 




9 Q4 


21/21 






01 /on 

t 1 IcX) 


Amberlyst XN-1010 


4.10 


0-4 /on 

21/20 






21/21 




2.01 


01 /on 


Dialon HPK25 


4.00 


20/20 






PO/90 




2.02 


on /on 


Diaion PK228 


a 1 n 


20/20 




2.95 


20/20 




1.98 


20/20 


Dowex MSC-1-H 


4.04 


20/20 




2.97 


20/20 




2.01 


20/20 


Dowex M-33 


4.03 


20/20 




3.00 


20/20 




1.98 


20/20 


lonac CFP110 


4.05 


20/20 




3.01 


20/20 




2.01 


20/20 



40 

J 



45 



50 



55 



BNSDOCID: <EP 0527537A1J_> 



EP 0 527 537 A1 

TABLE VI 



15 



20 



25 



TREATMENT OF SODIUM PERSULFATE SOLUTIONS WITH THE ACIDIC FORM OF ADDITIONAL 
CHELATING RES.NS TO REDUCE IRON CONTENT USING THE BATCH METHOD OF eX^LE 2 


Resin (in acidic form) 


nH nf ^oli itinn 

yji* ui ouiuiion 


Iron Content Before/After 
Treatment (mg/i) 


Chelex 20 


4.02 


20/13 




3.00 


20/11 




2.00 


20/14 




1.01 


20/20 




0.61 


20/20 


Duolite C467 




20/13 




2.94 


20/11 




2.05 


20/8.4 




1.01 


20/10 


Dowex XFS-4195 


3.98 


22/22 




3.01 


22/22 




2.04 


22122 




1.00 


221 W 


Dowex XFS-43084 


3.96 
2.94 
2.00 
.1 .01 


22J22 
22122 
22122 
22/22 



30 



35 



40 



45 



50 



55 



Claims 

1. A process for reducing the concentration of ions of transition metals in aqueous solutions of peroxy 
acds or salts, characterized by contacting the aqueous solution from pH 0.5 to pH 4 with a sufficient 
^ ° ,a Chela,ing ion ^change resin in the acid form to remove at least part of the transition metal 
ions from the aqueous solution, and separating as product a purified aqueous solution containing a 
substantially reduced concentration of transition metal ions. 

2. The process of claim 1 characterized in that the peroxy acids or salts are selected from the group 

S7 h 9 rTr^" 0 add ' ? erdisulfuric acid - Perphosphoric acid, performic acid, peracetic 
acid, and alkali metal and ammonium salts thereof. 

a The process of claim 1 characterized in that the chelating ion exchange resin has a functional group 
selected from iminoacetic acds, aminophosphonic acids and N-hydroxypicolylamines. 

4 ' SS ° f C ' aim 2 Charac,erized in that the Elating ion exchange resin has a functional group 

selected from iminoacetic acds. aminophosphonic acids and N-hydroxypicolylamines. 

5. A process for reducing the concentration of ions of transition metals in aqueous solutions of a 
peroxygen compound and an alkali metal persulfate or ammonium persulfate, characterized by 
contacting the aqueous solution from pH 0.5 to pH 4 with a sufficient quantity of a chelating ion 
exchange res.n ,n the acid form to remove at least part of the transition metal ions from the aqueous 
solution, and separating as product a purified aqueous solution containing a substantially reduced 
concentration of transition metal ions. uuaiamiany reaucea 

6. The process of claim 5 characterized in that the chelating ion exchange resin has a functional group 
selected from iminoacetic acids, aminophosphonic acids and N-hydroxypicolylamines. 

7. In a process for anodically oxidizing an aqueous electrolytic solution of an alkali metal or ammonium 
sulfate or phosphate to the corresponding peroxydiphosphate or peroxydisulfate, the improvement 
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characterized by reducing the concentration of ions of transition metals in the aqueous electrolytic 
solution by contacting the aqueous electrolytic solution at a pH of 0.5 to 4 with a sufficient quantity of a 
chelating ion exchange resin in the acid form to remove at least part of the transition metal ions from 
the aqueous electrolytic solution, and separating as product a purified aqueous electrolytic solution 
containing a substantially reduced concentration of transition metal ions. 

8. The process of claim 7 characterized in that the aqueous electrolytic solution comprises aqueous 
ammonium sulfate. 

9. The process of claim 7 characterized in that the aqueous electrolytic solution comprises aqueous 
sodium sulfate. 

10. The process of claim 7 characterized in that the aqueous electrolytic solution comprises aqueous 
potassium sulfate. 

15 11. The process of claim 7 characterized in that the aqueous electrolytic solution comprises aqueous 
potassium phosphate. 
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